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(57) Abstract 

Vehicle suspension comprises suspension means (1 1) and anti-roll means (13) capable of rotational movement due to def- 
lection of the suspension means during straight axle static bounce motion thereof, including means (14, 15, 16) arranged to act 
between said anti-roll means (13) and the vehicle frame or chassis (17) during straight axle static bounce motion of the suspension 
means (1 1), to at least partially counteract any consequential rotational movement of the anti-roll means (13), thereby applying a 
couple or moment to, and, as a result, altering the deflection and rate of, said suspension means (1 1). 
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VEHICLE SUSPENSION 

DESCRIPTION 

5 This invention relates to vehicle suspensions and 

especially, but not exclusively, to suspensions for 
heavy load-carrying vehicles, such as, trucks and other 
similar types of commercial vehicle. 

10 In a known type of vehicle suspension, such as 

that disclosed and claimed in our co-pending 
International Patent Application No . PCT/GB 9 0/00436 
(Publication No. WO 90/1121) entitled "Vehicle 
Suspension System", stabilising means in the form of an 

15 anti-roll device, such as, an anti-roll tube or bar, is 
fastened transversely of a vehicle between the springs 
on opposed sides thereof , to provide the vehicle with 
an anti-roll characteristic. 

2o Such a transversely arranged anti-roll device 

neither bears nor creates any force when the vehicle 
suspension is undergoing so-called "straight axle, 
static bounce" motion, because the respective springs 
on opposed sides of the vehicle deflect by 

25 substantially the same amount and in the same 
direction. In this manner, the components by which the 
anti-roll device is attached to the associated springs 
and the device itself are rotatably deflected by 
substantially the same amount. 

30 

During rolling motion of the vehicle, however, the 
springs on each side of the vehicle deflect in 
different directions, such that the components by which 
the anti-roll device is attached to the springs, 
35 attempt to rotate in different directions, thereby 
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twisting along the length of the transverse anti-roll 
device. Resistance to this torsional strain creates, 
in turn; a moment in the springs thereby stiff ening-up 
their opposing movements during vehicle roll. Thus, 
5 the springs are effectively stiffer during vehicle 
rolling motion than in straight axle, static bounce 
motion, due to this anti-roll effect. 

Such anti-roll means may also carry secondary 
10 suspension means in series or parallel with the 
suspension springs which effectively constitute primary 
suspension means, with the secondary suspension means 
softening the total rate of the overall suspension. 
Such secondary suspension means may be in any suitable 
15 form, such as, leaf springs or air or elastomeric 
cushions, and can be positioned at various locations 
transversely of the vehicle. Such locations for the 
secondary suspension means may be in-line with the 
springs of the primary suspension means or outboard or 
20 inboard thereof. The inboard secondary suspension 
means may also be combined into a single unit, such as, 
a spring. 

Accordingly, it is an object of the presently 
25 inventive suspension to improve the operating 
characteristics of known suspensions of not only the 
type described above but also any other suspension 
system including other forms of transverse anti-roll 
means subject to rotation during straight axle, static 
30 bounce motion of the vehicle. 

Another object of the present invention is to 
increase the spring rate of a suspension proportional 
to increased suspension spring deflection during 
35 straight axle, static bounce motion, thereby enabling 
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the vehicle to carry heavier loads than previous ly. 

A further object of the invention is to reduce 
peak stresses in the leaves of a suspension spring, 
5 thus enabling the spring to carry a higher load without 
being overstressed. 

Yet a further object of the invention is to 
utilise the anti-roll device to achieve one or more of 
10 the above-mentioned objects of the inventive 
suspension. 

Accordingly, the present invention resides in a 
vehicle suspension comprising suspension means and 
15 anti-roll means capable of rotational movement due - to 
deflection of said suspension means during straight 
axle static bounce motion thereof, 

including means arranged to act between said anti- 
20 roll means and the frame or chassis of the associated 
vehicle during straight axle static bounce motion of 
said suspension means, to at least partially counteract 
any consequential rotational movement of said anti-roll 
means, thereby applying a couple or moment to, and, as 
25 a result, altering the deflection and rate of, said 
suspension means. 

Such alteration of the deflection and rate of the 
suspension means may be to stiffen the vehicle 
30 suspension or to effectively soften it. 

The counteracting means may be a positive stop to 
any rotation of the anti-roll means which is preferably 
arranged transversely of the longitudinal axis of the 
35 vehicle. Alternatively, such a counteracting force may 
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be graduated to provide a gradually increasing force 
which may eventually terminate in such a positive stop. 
Thus, when the anti-roll means undergoes rotation due 
to straight axle deflection of the suspension means, 
5 such rotation is at least partially counteracted, 
thereby creating a couple in the associated suspension 
means to effectively stiffen the latter. 

The rotation counteracting means may be associated 
10 directly with, say, a transverse bar or tube of the 
anti-roll means or, alternatively, with any associated 
bracketry or other associated components of such means. 

Also, the counteracting means may be arranged to 
15 act directly between the anti-roll means and the frame 
or chassis of the vehicle or to act indirectly 
therebetween, for example, via another suspension 
component, such as, a mainleaf spring, connected to the 
vehicle frame or chassis. 

20 

When the suspension means comprises leaf springs 
on opposed sides of the associated vehicle, the primary 
gain afforded by the inventive suspension would be an 
increase in spring rate with increased spring leaf 
25 deflection obtainable in straight axle, static bounce 
deflections . 

Also, because the leaf springs or other suspension 
means are effectively stiffer, the suspension can carry 
30 heavier loads than previously. 

Additionally, because the resistance to rotation 
of the anti-roll means creates a couple or moment in, 
say, leaf springs of the suspension means, thereby 
35 stiffening the springs, the suspension is effectively 



BNSOOCID: <WO 9222438A1 J_> 



WO 92/22438 w ^ PCT/GB92/01039 



- 5 - 

higher rated for carrying heavier loads . An additional 
feature of this arrangement, namely, by at least 
partially counteracting the bending moment on the 
springs, is that the peak stresses in the leaves of the 
5 springs can be reduced, thus enabling the springs to 
carry greater loads without being overstressed. 

The counteracting resistance to any rotational 
movement which the anti-roll means undergoes during 

10 straight axle static bounce, may be of any suitable 
form, such as, spring means comprising a helical spring 
or air spring, to provide a gradually increasing 
resistance to counteract such rotation, optionally 
terminating eventually in a positive stop. In such an 

15 air spring arrangement which could be inflated, 
deflated or reversed, the associated vehicle could be 
raised or lowered as a result of the changed rate of 
the associated suspension springs. For instance, if 
reversed when the suspension means is lightly loaded, 

20 this arrangement could be used to deflect any 
associated suspension springs to lower the vehicle, 
thereby aiding vehicle loading or coupling to a 
trailer. 

25 Alternatively, the counteracting resistance may 

provide a rigid stop between the component, such as, a 
resistance arm of the type described below, connected 
to the anti-roll means and the vehicle frame or 
chassis . 

30 

In a preferred embodiment, the anti-roll means is 
connected transversely of the associated vehicle to 
leaf springs on opposed sides thereof, with the 
rotation counteracting means, being in the form of an 
35 arm or other suitable component secured thereto and 
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arranged to act against spring means associated with 
the vehicle chassis or frame. The resistance arm may 
be attached to the anti-roll means, preferably in the 
form of an anti-roll bar or tube, or, the transverse, 
5 anti-roll bar or tube may be shaped to constitute the 
arm, as will be described in/more detail hereinbelow. 

Again, the counteracting means may comprise spring 
means, as described above, or a damper, hydraulic 

10 cylinder or other suitable device. One alternative 
could be for such means to be activated or controlled 
by an active or semi-active ride system. Another might 
be to use a resiliently flexible arm of sufficient 
stiffness to at least partially counteract rotation of 

15 the anti-roll means. 

Preferably, the suspension means comprises a leaf 
spring, such as, a semi-elliptical leaf spring, which 
in several embodiments, constitute at least part of the 
20 main vehicle suspension. 

In this manner, and in accordance with all 
embodiments of the presently inventive suspension, such 
counteracting means acts directly or indirectly between 
25 the anti-roll means and the vehicle chassis or frame, 
to effectively stiffen the suspension means as a result 
of the consequential restoring couple or moment applied 
thereto . 

30 In one embodiment of the inventive suspension, the 

counteracting means may be provided in the form of a 
preformed, unitary component, particularly when in the 
form of a resistance arm, which can be supplied as a 
so-called "add-on" for incorporation in an existing 

35 suspension. 
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In order that the invention may be more fully 
understood , preferred embodiments in accordance 
therewith will now be described by way of example and 
with reference to the accompanying drawings in which: 

5 

Figures 1A and IB are respective diagrammatic, 
side elevational and top plan views of a first 
embodiment of suspension; 

10 Figures 2A and 2B are respective diagrammatic side 

elevational and front views of a second embodiment of 
suspension; 

Figure 3 is a diagrammatic side elevation of a 
15 third embodiment of suspension; 

Figures 4A and 4B are respective diagrammatic side 
elevational and front elevational views of a fourth 
embodiment of vehicle suspension based upon that of 
20 Figure 3; 

Figures 5A and 5B are respective side elevational 
and top plan views of an anti-roll tube/resistance arm 
unit for use in a fifth embodiment of vehicle 
25 suspension; 

Figures 6A and 6B are respective side and rear 
elevational views of a fifth embodiment of vehicle 
suspension incorporating the unit of Figures 5A and 5B; 

30 

Figure 7 is a graph of angle of lean versus speed 
of a vehcile fitted with the suspension shown in 
Figures 6A and 6B; 

35 Figure 8 is a side elevational view of another, 
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sixth embodiment of vehicle suspension incorporating 
the unit of Figures 5A and 5B; and 

Figures 9A and 9B are respective side elevational 
5 and top plan views of a seventh embodiment of vehicle 
suspension. 

Referring firstly to Figures 1A and IB of the 
drawings, a suspension for a vehicle wheel set (not 
10 shown) comprises a pair of leaf springs 11 which are 
mounted at 12 on the axle of an associated vehicle on 
opposed sides thereof and which are secured at front 
and rear ends thereof to the vehicle frame or chassis 
at X and Y by any suitable means. 

15 

Anti-roll means in the form of an anti-roll 
device, here shown as a torsion bar or tube 13, has its 
ends connected rigidly to respective ends of the leaf 
springs 11. Secured to the anti-roll bar or tube 13 is 
20 a pair of forwardly-extending arms 14 upon whose 
forward ends 15 are supported respective helical 
springs 16 attached to the vehicle frame or chassis 17. 

The arms 14 are secured rigidly to the anti-roll 
25 bar or tube. 13 such that when the latter rotates during 
straight axle, static bounce' of the vehicle suspension, 
consequential vertical movement of the arms 14 is 
resisted, thereby at least partially counteracting such 
rotation of the anti-roll bar or tube 13. As a 
30 consequence, this counteracting resistance to rotation 
of the anti-roll bar or tube 13 creates a couple or 
moment in the associated leaf springs 11, thereby 
effectively stiffening that spring. 

35 in this particular case, the resistance arms 14 
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and associated springs 16 act directly between the 
anti-roll bar or tube 13 and the vehicle frame or 
chassis 17 and the counteracting resistance is 
graduated until on maximum vertical deflection of the 
5 arm 14 , a positive stop is reached. However, such 
graduated resistance may be replaced by a discrete, 
positive stop at a predetermined vertical level of the 
arm 14 . 

10 In this first embodiment of suspension in 

accordance with the invention, the leaf springs 11 are 
rendered effectively stiffer, or more highly rated, 
when carrying heavier loads • An additional feature of 
this effective couple or moment on the leaf springs 11 

15 is that peak stresses in the leaves thereof can be 
reduced, thus enabling the springs to carry higher 
loads without being overstressed. 

The location of the sprung resistance arms 14 can 
20 be at any suitable location along the anti-roll bar or 
tube 13 and at any suitable angle thereto, depending 
upon the particular operating conditions of the 
associated vehicle. 

25 A second embodiment of vehicle suspension is shown 

diagrammatically in Figures 2A and 2B and comprises a 
fairly conventional form of vehicle anti-roll 
arrangement, wherein a leaf spring 21 on each side of 
the associated vehicle is secured at each end to the 

30 vehicle frame or chassis at X and Y and generally 
centrally to an axle 20 to which is secured, via upper 
and lower bushes 202, 203 constituting a shackle 201, 
an anti-roll device in the form of a generally U-shaped 
bar 23. The middle part of this anti-roll bar 23 

35 comprises a pair of forwardly and upwardly extending 
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portions 231 merging into an upper central portions 
232 f such that it acts directly against the vehicle 
frame or chassis. 

5 A spring bias, indicated by the arrow S and as 

shown extending into the plane of the page in Figure 
2B, is applied to the upper central length 232 of the 
anti-roll bar 23 , to provide a resistance for at least 
partially counteracting rotational movement of the bar 
10 during straight axle, static bounce of the vehicle 
suspension. 

As indicated above, a positive resistance stop, as 
opposed to the graduated resistance provided by the 
15 spring bias S, may be used. 

The addition of the counteracting resistance means 
to this conventional anti-roll arrangement enables the 
vehicle to carry extra weight without overstressing the 
20 springs 21, to raise or lower the suspension or to 
stiffen or soften it. 

Referring now to Figure 3, a diagrammatic 
representation of a leaf spring connected to the 

25 vehicle frame or chassis at its front end at X, is 
shown in two operating conditions. The first, under a 
light load represented by X' , has the leaf spring in 
the configuration shown at 31, with a secondary 
suspension means in the form of a spring shown in an 

30 extended condition 36. The associated arm 34 is 
equivalent to the arm 14 of the first embodiment of 
Figures 1A and IB and is secured between anti-roll 
means in the form of a transverse anti-roll bar or tube 
33 and a bush 38 of a shackle indicated at 39. The 

35 other end of the shackle 39 is connected to the vehicle 
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frame or chassis by a bush 38 M with the shackle acting 
as a resistance stop to constitute the counteracting 
means for the anti-roll bar or tube 33, whereby the 
resistance arm 34 and shackle 39 act directly between 
5 the anti-roll bar or tube 33 and vehicle frame or 
chassis . 

Under a heavy load, as represented at Y' , the 
primary suspension leaf spring is deflected upwardly 

10 into the condition shown at .31' and the anti-roll bar 
or tube rotates and moves into the position represented 
at 33'. Thus, the other end of the arm, as shown at 
34', is lowered relative to the spring 31', with the 
secondary suspension spring secured to the vehicle 

15 frame or chassis at 37 being deflected by compression 
under the increased load, as shown at 36', by a 
sufficient amount to bring the bush, as shown at 38' of 
the shackle, now shown at 1 39', back to where the 
shackle would have moved under extension of the primary 

20 suspension leaf spring end. This particular geometry 
and deflection of the spring 36, 36' allows deflections 
in the leaf spring 31, 31' which do not create any 
resistance to rotation of the anti-roll bar or tube 33, 
33' and thus does note create a restoring couple or 

25 moment in the leaf spring 31, 31'. If such deflections 
varied differently under static and dynamic loadings, 
or other operating conditions, the suspension could be 
stiffened or softened due to this geometrical match not 
being effective under some of those conditions . 

30 

Such an arrangement could be applied to the 
embodiment shown in Figures 4A and 4B, wherein primary 
suspension means indicated generally at 40 is 
constituted by a pair of leaf springs 41 disposed on 
35 opposed sides of a vehicle chassis (also not shown) and 
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connected thereto at their front ends at X. Opposed 
ends of an anti-roll bar or tube 43 are connected to 
respective arms 44 which , at one end, are connected to 
the vehicle chassis by shackles 49 and, at the other 
5 end, directly to the anti-roll bar or tube 43 at 46 at 
the adjacent end of the leaf springs 41. 

Secondary suspension means in the form of, say, a 
coil spring 47, is mounted upon the anti-roll bar or 
10 tube 43 to act in conjunction therewith. 

This particular embodiment is a modification of 
the embodiment described in relation to Figure 2 of our 
co-pending International Patent Application referenced 

15 above, with the exception that a bush attachment 
between the arm 44 and leaf spring 41 at 46 is 
eliminated, because the arm has to be connected rigidly 
to the anti-roll tube or bar 43. Thus, the arrangement 
operates generally in accordance with the embodiment 

20 described above in relation to Figure 3, with the 
resistance arm 44 and shackle 49 acting directly 
between the anti-roll bar : 43 and vehicle frame or 
chassis. Stiffening or softening of the suspension can 
also be achieved in accordance with the embodiment of 

25 Figure 3. 

In this arrangement also, the secondary suspension 
means, provided in this particular case by the coil 
spring 47, is equivalent to the secondary suspension 
30 spring 36, 3 6' of Figure 3. 

In Figures 5A and 5B, there is shown a preformed 
unitary structure comprising a pair (only one shown) of 
resistance arms 54 attached to an anti-roll bar tube 
35 53. 
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Each resistance arm 54 comprises a generally 
circular end portion 56 whose inner surface is welded 
to the outer surface of the anti-roll tube 53 at one 
end thereof. 

5 

The resistance arm 54 also comprises a generally 
linear arm portion 55 which can be secured to an 
existing vehicle suspension by means of, for example, 
bolts passing through respective holes 58. 

10 

Extra stiffness for each resistance arm 54 is 
provided by a weld 57 in the juncture between the end 
portion 56 and arm portion 55. 

15 This preformed unit comprising the pair of 

resistance arms 54 and associated anti-roll tube 53 can 

be readily secured, as described above, to, say, the 

leaf springs of an existing vehicle suspension, as 

shown in Figures 6A and 6B. Here, the unit has the 

20 generally straight arm portion 55 of the resistance arm 

54 secured by bolts 59 to a pair of leaf springs 61, 
61' of an existing vehicle suspension. 

In this particular arrangement, with the 
25 resistance arm 54 acting directly between the anti-roll 
tube 53 and the existing* vehicle suspension leaf 
springs 61, 61', and hence indirectly between the tube 
53 and the frame or chassis (not shown) of the 
associated vehicle, the resistance to at least 
30 partially counteract rotational movement of the anti- 
roll tube 53 is transferred to the vehicle frame or 
chassis via the main leaf springs 61, 61'. 

These main vehicle suspension leaf spring 
35 resistance arms 54 can also increase the stiffness of 
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and reduce stresses in the main springs locally, due to 
their contact therewith, in addition to any other 
counteracting means which may be provided. Such other 
counteracting means may be in the form of those 
5 discussed above in relation to the earlier embodiments 
of the inventive suspensions . 

A further feature of this particular arrangement 
for the resistance arms 54 is that they can reduce the 
10 stresses in and increase the spring rate locally of the 
main leaf springs 61, 61' during rolling motions of the 
vehicle, by distributing the anti-roll effect from the 
anti-roll tube over a larger section of the main leaf 
springs • 

15 

Trials on this particular embodiment of the 
inventive suspension have been carried out and Figure 7 
is a graph of the results of those trials, representing 
angle of lean of the vehicle in degrees versus the 
20 speed of the vehicle in miles per hour. 

In the graph shown in Figure 7, the three curves 
can be identified as follows: 

25 A - vehicle fitted with no anti-roll means 

B - vehicle fitted with conventional anti-roll 
means in the form of a tortion bar 

30 C - vehicle fitted with anti-roll tube and 

resistance aim unit of Figures 5A and 5B, 
incorporated in the existing vehicle 
suspension, as shown in Figures 6A and 6B. 

35 As can be seen from that graph, the vehicle fitted 
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with the inventive suspension, as represented by curve 
C, has a lower range of lean angles than the vehicle 
fitted with no anti-roll means or the vehicle fitted 
with conventional anti-roll means in the form of a 
5 tortion bar or tube. 

The embodiment of suspension shown in Figure 8 
comprises the anti-roll tube 53 and resistance arm 54 
provided as the preformed unit, secured to a pair of 

10 main leaf springs 81, 81' connected in turn to one side 
of a vehicle frame or chassis (not shown). Such 
connection is effected by a clamping arrangement 82 
which clamps the springs 81, 81' and arm portion 55 of 
the resistance arm 54 securely together. A similar 

15 arrangement is provided on the other side of the 
vehicle chassis or frame for the corresponding pair of 
main leaf springs (also not shown). 

This embodiment exhibits the same characteristics 
20 as those described above in relation to Figures 6A, 6B 
and 7. A resilient spacer, such as that shown at 83, 
may be provided between the two leaf springs 81 and 
81'. Another resilient spacer 83' is provided between 
the clamping arrangement 82 and the upper main leaf 
25 spring 81'. Both resilient spacers 83, 83' assist in 
distributing the couple from the anti-roll tube 53 and 
arm 54 to the upper leaf spring 81'. 

It is to be appreciated that the two leaf springs 
30 81, 81' may be secured to the vehicle chassis or frame 
in any suitable manner, such as, by means of the eye 84 
in respect of which associated shackles or bushes are 
not shown for reasons of clarity. 

35 Turning now to the embodiment of Figures 9A and 
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9B, here a pair of leaf springs 91 arranged on opposed 
sides of the associated vehicle frame or chassis, are 
connected to the vehicle frame or chassis at X and Y 
and are each associated with two forms of resistance 
5 arm. 

The first resistance arm 94 is secured rigidly at 
one end to the corresponding end of anti-roll means in 
the form of an anti-roll bar 93. The other end of each 

10 resistance arm 94 is arranged to contact a rigid stop 
95 which, in turn, is connected to the vehicle frame or 
chassis at 96, so that the resistance arm 94 and stop 
95 act directly between the anti-roll bar 93 and the 
vehicle frame or chassis .96, when the bar 93 has 

15 rotated a sufficient amount for the arm 94 to contact 
the stop 95. Such rotation may be by a predetermined 
amount, depending upon operating requirements. 

The other resistance arm on each side of the 
20 vehicle frame or chassis 9 6 is shown at 97 and it too 
has one end connected to the anti-roll bar 93. Its 
other end is connected to the spring 91 by means of a 
clip and rubber bushes, as shown at 98. This 
arrangement represents a resilient connection between 
25 the forward end of the resistance arm 97 and the leaf 
spring 91, whereby there is some movement available 
between the arm 97, clip and rubber bushes 98 and leaf 
spring 91, whereby the resistance arms 97 and clip and 
bushes act indirectly, via the springs 91, between the 
30 anti-roll bar 93 and vehicle frame or chassis 96. 

Thus, this dual arrangement provides a combination 
of two forms of resistance arm in accordance with the 
invention . 

35 
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Indeed, in another embodiment, a purely rigid 
stop, such as that represented by the stop 95, could be 
provided between the resistance arm and the vehicle 
frame or chassis, with the omission of the other 
5 resistance arm 97 and associated components 98. 

Thus, it can be seen from the embodiments 
described above in relation to the accompanying 
drawings that an existing anti-roll means, such as, an 

10 anti-roll tube or bar, can be utilised to provide 
suitable means, to act between the anti-roll means and 
the vehicle frame or chassis, for at least partially 
counteracting any rotation of the anti-roll means 
during straight axle, static bounce motion of a vehicle 

15 suspension, in order to apply a restoring couple or 
moment to the suspension means, thereby stiffening the 
latter and effectively increasing the spring rate. 

Further advantages of the inventive vehicle 
20 suspensions, particularly ' the add-on anti-roll 
means/resistance arm unit of Figures 5A and 5B, include 
low manufacturing costs, low weight, no requirement for 
vehicle frame or chassis or suspension mounting bracket 
modifications, non-specialist manufacture and the 
25 removal of stress from the vehicle frame or chassis. 



30 
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CIA INS 

1. A vehicle suspension comprising suspension means 
and anti-roll means capable of rotational movement due 

5 to deflection of said suspension means during straight 
axle static bounce motion thereof, 

including means arranged to act between said anti- 
roll means and the frame or chassis of the associated 

10 vehicle during straight axle static bounce motion of 
said suspension means, to at least partially counteract 
any consequential rotational movement of said anti-roll 
means, thereby applying a couple or moment to, and, as 
a result, altering the deflection and rate of, said 

15 suspension means. 

2. A vehicle suspension according to claim 1, wherein 
said counteracting means comprises a positive stop, 

20 3. A vehicle suspension according to claim 1, wherein 
said counteracting means is graduated to provide a 
gradually increasing resistance force against rotation 
of said anti-roll means. 

25 4. A vehicle suspension according to claim 3, wherein 
said graduated counteracting means terminates in a 
positive stop. 

5. A vehicle suspension according to any preceding 
30 claim, wherein said counteracting means is arranged to 

act directly between said anti-roll means and the 
vehicle frame or chassis. 

6. A vehicle suspension acpording to any of claims 1 
35 to 4, wherein said counteracting means is arranged to 
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act indirectly between said anti-roll means and the 
vehicle frame or chassis. 



7. A vehicle suspension according to claim 6, wherein 
5 said counteracting means is arranged to act indirectly 

between said anti-roll means and the vehicle frame or 
chassis via another component of the suspension. 

8. A vehicle suspension according to claim 7, wherein 
10 the other suspension component is a leaf spring 

connected to the vehicle frame or chassis. 

9. A vehicle suspension according to any preceding 
claim, wherein said counteracting means comprises a 

15 resistance arm connected at one end thereof to said 
anti-roll means, the other end of the arm being 
arranged to act directly or indirectly. upon the vehicle 
frame or chassis • 



20 10. A vehicle suspension according to claim 9, wherein 
the other end of the arm is arranged to act directly 
upon the vehicle frame or chassis by means of a 
positive stop arranged therebetween. 

25 11. A vehicle suspension according to claim 9, wherein 
the other end of the arm is arranged to act directly 
upon the vehicle frame or chassis by means of spring 
means arranged therebetween, to provide a gradually 
increasing force against rotation of said anti-roll 

30 means. 

12. A vehicle suspension according to claim 11, 
wherein said spring means terminates in a positive 
stop. 
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13. A vehicle suspension according to claim 9, wherein 
the other end of the arm is arranged to act indirectly 
upon the vehicle frame or chassis. 

5 14 . A vehicle suspension according to claim 13 , 
wherein the other end of the arm is arranged to engage 
directly another component of the suspension. 

15. A vehicle suspension according to claim 14, 
10 wherein the other component of the suspension is a leaf 

spring. 

16. A vehicle suspension according to claim 9, wherein 
the resistance arm is resiliently flexible. 

15 

17. A vehicle suspension according to any of claims 9 
to 16 , wherein said anti-roll means and the resistance 
arm constitute a preformed unit associable with an 
existing vehicle suspension. 

20 

18. A vehicle suspension according to any preceding 
claim , wherein said anti-roll means comprises an anti- 
roll bar or tube arranged transversely of the vehicle 
frame or chassis and having said counteracting means 

25 arranged generally centrally thereof. 

19 . A vehicle suspension according to any of claims 1 
to 17 , wherein said anti-roll means comprises an anti- 
roll bar or tube arranged transversely of the vehicle 

30 frame or chassis and having said counteracting means 
arranged at each end thereof adjacent respective 
suspension means. 

20. A vehicle suspension according to any preceding 
35 claim , wherein said suspension means comprises a leaf 
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spring, such as, a semi-elliptical leaf spring, 
constituting at least part of the main vehicle 
suspension. 

5 



10 



15 



20 



25 



30 



BNSOOCID: <WO_9222438A1J_> 




BNSDOCID: <WO 9222438A1 J_> 



SUBSTITUTE SHEET 




SUBSTITUTE SHEET 



BNSOOaD: <WO 9222438A1 _l_> 




BNSDOCID: <WO 9222438A1_I_> 



0 



WO 92/22438 



PCT/GB92/01039 



4-6 




LEAN 
ANCLE 




^0 15 20 SPEED 

(MPH) 

FjG/7 



BNSOOCID: <WO 9222438A1 _l_> 



SUBSTITUTE SHEET 




BNSDOCID: <WO 922243 8A1_I_> 



SUBSTITUTE SHEET 



0 
» 



WO 92/22438 



6-6 



PCT/GB92/01039 




97 




FIG.9B 



BNSOOCID: <WO 9222438A1 _l_> 



SUBSTITUTE SHEET 



INTERNATIONAL SEARCH RE, 

International 



RT 

'cation No 



PCT/GB 92/01039 



I. CLASSIFICATION OF SUBJECT MATTER (if several class ificacioo symbols apply, indicate ill)* 



According to International Patent Classification (IPC) or to both National Classification and IPC 

Int. CI. 5 B60G21/055; B60G17/02; B60G11/34; 



B60G9/00 



II. FIELDS SEARCHED 



Minimum Documentation Searched 7 



Classification System 



Classification Symbols 



Int.Cl. 5 



B60G 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched 1 



m. DOCUMENTS CONSIDERED TO BE RELEVANT 9 



Category c 



Citation of Document, 11 with indication, where appropriate, of the relevant passages u 



Relevant to Claim No. u 



WO, A, 9 Oil 201 (DETROIT STEEL PRODUCTS) 4 

October 1990 

cited in the application 

see the whole document 

FR,A,458 385 (PEILERT K. ; VOIT W. ) 9 October 
1913 

see page 1, line 1 - line 27; figures 1,1A,2,7 
FR,A,332 159 (STEVENS T.G. ) 17 October 1903 
see figures 5,6 

US, A, 2 582 775 (GIAC0SA D.) 15 January 1952 
see figures 1-6 

US, A, 4 181 324 (HIX0N W.K.) 1 January 1980 
see figures 



1,3,5,9, 
18,19 

6-8,11 

1,3,5-9, 
11, 

13-15,19 



I, 3,5,9, 

II, 19 
4,12 

4,12 
1 

1,5 
19 



° Special categories of cited documents : 10 

'A" document defining the general state of the art which is not 

considered to be of particular relevance 
*E* earlier document but published on or after the international 

filing date 

IS document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P* document published prior to the international filing date but 
later than the priority date claimed 



*T* later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X* document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

*Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the an. 

document member of the same patent family 



IV. CERTIFICATION 



Date of the Actual Completion of the international Search 

17 JULY 1992 



Date of Mailing olthis International Search Report 



i'WW 



International Searching Authority 

EUROPEAN PATENT OFFICE 



Signature of Authorized Officer 

TSITSILONIS L. 




Fona PCT/ISA/210 < 



BNSOOCID: <WO 9222438A1 J_> 



International Applicatiq 



PCT/GB 92/01039 



LU 



" DOCUMENTS CONSIDERED TO BE RELEVANT (CONTINUED FROM THE SECOND SHEET) 



Category 0 



A 
A 
A 



Citation of Document, with indication, where appropriate, of the relevant passages 



WO, A, 9 013 450 (ZETTERBERGS INDUSTRI AKTIEBOLAG) 

15 November 1990 

see claims 1,2,4; figures 3-5 

FR.A.2 154 297 (CITROEN) 11 May 1973 
see figures 

US,A,4 094 532 (SWAY-A-WAY CORP.) 13 June 1978 
see abstract; figures 

FR,A,1 136 383 (NILS0N A. L. ) 13 May 1957 



Relevant to Claim No. 



1,5,9,19 

1,3 
1,2 



Fom PCI7ISA/210 {airm «W) t Jmmuy l«Sl 

81MSOOCID: <WO 9222438A1 _L> 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 

ON INTERNATIONAL PATENT APPLICATION NO. GB 9201039 

SA 60239 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned international search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 17/07 /92 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



WQ-A-9011201 



04-10-90 



AU-A- 
EP-A- 



5277190 
0464082 



22-10-90 
08-01-92 



FR-A-458385 


DE-C- 


266324 




GB-A- 


N12234 


FR-A-332159 


DE-C- 


159859 


US-A-2582775 


BE-A- 


496699 




DE-C- 


94474 




DE-C- 


938891 




DE-C- 


938892 




DE-C- 


941174 




FR-E- 


60427 




FR-E- 


63211 




FR-A- 


969224 




FR-A- 


969829 




GB-A- 


645986 




GB-A- 


679210 




GB-A- 


679772 




GB-A- 


679810 




GB-A- 


705519 




GB-A- 


705563 




US-A- 


2726857 




US-A- 


2777686 



US-A-4181324 


01-01-80 


None 






WO-A-90 13450 


15-11-90 


SE-B- 
AU-A- 
SE-A- 


464398 
5669590 
8901746 


22-04-91 
29-11-90 
13-11-90 


FR-A-2 154297 


11-05-73 


BE-A- 788659 
DE-A,B,C 2246542 
GB-A- 1400048 
US-A- 3778082 


12-03-73 
12-04-73 
09-07-75 
11-12-73 


US-A-4094532 


13-06-78 


None 






FR-A-1136383 




CH-A- 


339508 





m For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSDOCID: <WO 9222438A1 J_> 



ANNEX TO THE INTERNATIONAL SEARCH REPORT 
ON INTERNATIONAL PATENT APPLICATION NO. ~ 



9201039 
60239 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned international ntfa report. 

The members are as contained in the European Patent Office ED P file on n „„ na > ; n f„rm.rinn 1 7 iVC! /Q9 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 17/Q//9^ 

Page 2 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 



FR-A-l 136383 



DE-B- 
GB-A- 
US-A- 



1061634 
780552 
2917304 



Si For more details about this annex : see Official Journal of the European Patent Office, No. 12/82 



BNSOOC1D: <WO 9222438A1 J_> 



THIS PAGE BLANK (uspto) 



